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CHAPTER 10 


Secondary Structure 


Introduction 


1 Secondary structure is defined in Chapter 2 specifically as structure which is withstanding 
secondary loads. Much structure is, of course, withstanding both primary and secondary loads, 
and the design of that is covered in Chapters 7, 8 and 9. This chapter therefore describes the means 
for design of structure which is carrying secondary load only, that is mainly short internal decks 
and tank tops, minor bulkheads and areas of hull and main deck structure towards the ends of the 
ship where primary loads are negligible. 


2 Rather than deal with the problem by area it is more straightforward to discuss methods of 
design against types of secondary load, leaving it to the designer to decide which process applied 
to the structure in question, which will usually be obvious from the context. The loads will, 
therefore, be covered in the order in which they are most frequently encountered, that is lateral 
pressure, lateral line and point loads and in-plane loads. Under lateral pressure, however, the 
important sub-set of design to withstand slamming loads will be included. 


3 This chapter therefore discusses the design of orthogonally stiffened orillage structures. 
For wide panels with a large number of unidirectional stiffeners in the short direction, analysis 
may usually be simplified to one stiffener with effective plate as described for bulkhead design in 
Chapter 9. The theory is applicable to open-section stiffeners such as are used commonly in ship 
structures, for which torsional stiffness is usually negligible and shear deflection may be ignored 
except for short deep stiffeners. Should closed section box or ‘top-hat’ section stiffeners be used 
then reference should be made to aerospace literature in the main, for example ESDU Structures 
Series Volume 6, Megson (1974) or, especially for reinforced plastic marine structures, Smith 
(1966). The latter reference discusses the ‘folded plate’ method of design, which can also be used 
for unidirectionally stiffened structure should the method described in Chapter 9 be considered 
insufficiently accurate. 


Static Lateral Pressure 


4 The loads to be applied can be found from the methods described in Chapters 3 and 4. In 

this chapter it is assumed that a static or quasi-static pressure is known and that an orthogonally 

et plated grillage is to be designed to resist the pressure. As discussed in Chapter 7, the 

es eture can be viewed in three ways, first as a panel of plate, then as a single stiffener with some 
sociated plating and finally as a complete grillage. 
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efo e, to calculate from the deflected shape of the stiff (R) beams what is the worst relative 
jon between any two of them along an S beam. This will usually occur in the bay closest to 
of the grillage and in the line of the centre of the R beams. To estimate this relative 
















flection it will be adequate to assume a sinusoidal deformation pattern across the grillage 
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An: ilternative method, depending on the use of data sheets and some initial estimates of 
scantlin gs, is described in the design example at the end of this chapter (paragraphs 36 et seq). 
However, whatever procedure has been used to size the stiffeners it will be necessary to check the 
of the overall grillage. There are a number of methods which have been developed and a 
of some available analysis procedures and their limitations follows. Further discussion 
hod Clarkson (1965) and Muckle (1967). In all cases the plating is 
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wethod 1s mathematically more abstruse than those above and is described by 
19% ) Tt consists of assuming Fourier series for the deflections of the girders and 
soefficients by an algebraic process. The method involves the same assumptions as are 
cone sntrated reaction method. The advantage is that, at the expense of some 
| co nplication, it greatly reduces the arithmetical labour required. For a p x q 
nvolves only the solution of p sets of q simultaneous equations instead of the pq 
eous ¢ quations which have to be solved in the intersection reaction method. For this 
been found useful, in the absence of a computer, for tackling the analysis of grillages 
y members for the intersection reaction method to be feasible and too few for the 


sey method to be very accurate. 
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1 sthod employs the principle of Minimum Potential Energy which is derived from 

»’s first theorem and which states that the configuration taken up by an elastic body 
pplied load is such that the total potential energy of the system is a minimum. A 

hape is assumed which satisfies the boundary conditions and which is written in the 
igonomet ic series. The constants in the series are then evaluated by equating to zero 
if eren ‘ial of the total potential energy (that is the strain energy stored in the grillage in 
) the assumed shape minus the work done by the loads during that deflection) with 
ch constant in turn. This results in as many simultaneous equations as there are 
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Figure 10.2 Grillage Nomenclature 
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s 9 ensure that no gross error has been made (the value of half is chosen because 
op a sure will be very unevenly distributed over the whole bottom grillage). Although 
or vg rillage is usually curved, the worst case will be for the flatter portions, and a method 


or flat grillages may be applied conservatively as described earlier in this chapter. If 
d checks are required then finite element analysis must be used. 


Ve lal ne 
Te »ping response of stiffeners should be checked using the procedure described in 


apter 7 or lateral loads, but using the full pressure derived for the plating design as this is likely 
o aa od | over the whole length of a stiffener between local supports. 


Ay - 


_Line , loading is not common on a ship structure but there are two areas where it Is 
si ignificant, along the keel while the ship is in dock and in the waterline region during berthing. 
Me Sok ‘estimating these loads are provided in Chapter 4 and for practical purposes they are 
ied st tatically. In each case the line load should be applied to a stiffener (if, on the ship’s side, 


4: 
load is 5 


7 applied to the plating, it will deform so that the transverse supporting structure takes 
the lo: ad). ).Itis therefore sufficient to apply the line load in the form of a force per unit length to the 
iffen yer in 1 question taking it as a simple beam with stiffness equivalent to the stiffener plus an 
fet ve readth equal to whichever is the least of b/2 or 40t. The boundary conditions will 
d on the extent of the loading, for example on the keel the load is applied over the whole of 
s length at once so that it will usually be sufficient to assume clamped conditions; for 
1g loads, however, there is likely to be some unevenness in the distribution so that pinned 
y be more appropriate. If in doubt always use pinned ends as this condition gives the 
ere iding moment. The loads given in Chapter 4 are severe ones but as permanent set is 
ndes ssira ple it will be wise to allow a small margin of, say, 1.2 against yielding. Tripping checks 
uld also be carried out as recommended for lateral load in Chapter 7. 
Ta cy. “The line load on the stiffener, or indeed on the plating, is reacted as point loads by the 
oe str cture at the ends, usually either bulkheads or transverse stiffeners. It will be necessary to 
* ay. ct chec ck the strength of these members as described in the following paragraphs. 


atnlese they are very small, say less than 10% of the equivalent plate design pressure load 
ax b), point loads should never be eee to the middle of the ep panels, indeed, point 


this i is the case the design Pabedore. is given for bulkheads in - Chapter 9, The design 
i eth od sh point loads on deck edges is exactly analogous to that for bulkheads, 
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the example is to design an orthogonally stiffened grillage 8 m * 4 m simply supported around all 
four edges and to support a pressure load of 15 kPa, The design is biassed towards a minimum 
weight solution; for a discussion of cost minimisation see Chapter 11, 


37. Commencing with the plate and referring to Roark ‘Formulas for Stress and Strain’, case 
41 of Table X, for a rectangular plate under uniform pressure (p) with all edges fixed (appropriate 
for one plate panel amongst many) the maximum stress (6, in the centre of the long edge of length 
b) is given by 


(10.2) 0, = Bp(b/t)? 


where B is a parameter of value 0.31 for a square plate increasing to 0.5 for a long plate of aspect 

ratio 2 or more, and t is the plate thickness. If as before the material is taken as steel with a yield 

stress of 280 MPa and if, for the plate, the design is taken up to yield as discussed in paragraph 5, 
then it is a simple matter to show that for a square plate b/t must be less than 245 and for a long 
plate less than 193. Note that these values of b/t are much higher than would be appropriate if 
there was any in-plane loading to contend with. 


38 The next stage is to divide the area equally by stiffeners and if initially the more efficient 
square panels are assumed the following thicknesses can be derived: 


9 x 4 stiffeners — 0.8 m x 0.8 m—t > 3.3 mm 

7 x 3 stiffeners —- 1 m xX 1 m—t>4.1 mm 

5 x 2 stiffeners — 1.33 m x 1.33 m-—t>5.5 mm 
3 x 1 stiffeners -2mx2m-—-t>82mm. © 


Of these perhaps only the middle two are suitable for further consideration as the first has plating 
which is too thin while the last will be very heavy. A few possible rectangular configurations are: 


9 x 5 stiffeners — 0.8 m xX 0.67 m—t > 3.7 mm 
9 x 3 stiffeners — 0.8 m x 1.0 m—t>4.6 mm 

7 x 5 stiffeners — 1.0 m x 0.67 m—t> 5.0 mm 
5 x 5 stiffeners — 1.33 m x 0.67 m-—t >6.9 mm 
5 x 3 stiffeners — 1.33 m x 1.00 m-—t> 6.2 mm. 


Of these the 9 x 3 is lightest with an acceptable thickness of plating, but the square aspect ratio 7 x 
3 still appears to be the lightest overall and so will be pursued. 


39 If the stiffer members are taken in the short direction, which is the most efficient 
airangement, then there are seven R beams each of length 4 m. Ignoring, in the first instance, the 
presence of the S beams and assuming simple beam theory with the beam simply supported, the 
applied load over a strip 1 m wide is 15 kN/m leading to a maximum bending moment of 
30 KN.m; if a margin of 1.2 against yield is required then the section modulus must be more than 
129 cm3. Referring to data sheets 18.32 and 18.33 it will be seen that, for any thickness of plating, 
a type 3 Tee is too small while a type 4 Tee is significantly too large. There is, therefore, a case for 
Investigating bulb flats or unequal angles; however, a perusal of BS4848 (or data sheet 18.2) 
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taking proper account of sign, The first of these gives the bending moment at the first intersection, 
the second is midway between the edge and the first intersection and the third is an intersection 
further towards the centre, The parameter Q, is an equivalent line load on the beam given by 


0.625 pb for the particular values of a and b in this grillage. The complete expressions for Q, (and 
Q, when appropriate) are given in Chapter 18, 


43 In this case equation 10.5¢ gives the largest absolute value of bending moment of 
1.52 MN.m which, for a margin of 1,2 on yield, leads to a required section modulus for the S 
beams of 6.6 cm+. This is very small when compared with what is available either in Tee sections 
or bulb flats, so a flat bar should be sufficient. Even with a flat bar it can be a waste of time to be 
too precise as it is always desirable to provide an allowance against poor manufacture for small 
components; erring therefore a little on the heavy side it can be shown that a60 mm x 8 mm flat 


bar with 190 mm of 4.7 mm (6 mm nominal) plate has a section modulus of 7.88 cm? (note that 
neither 50 x 6 mm nor 50 x 8 mm would be stiff enough). 


44 I, is then 41.2 cm which leads to a true value of C of 145, with € = 1456 and pt = 364. The 
curves in data sheet 18.62 are fairly flat in this range of € so there is no significant change in the 
maximum bending moment in the S beams. The actual value of section modulus for the flat bar 


above gives a maximum bending stress of 194 MPa which is well within the acceptable margin of 
1.2 on yield. 


45 _—_— Returning to the R beams, from data sheet 18.61 for a 9 x 3 grillage with pinned 
boundaries, M, is -25.4 kKN.m (compared with the estimate of 24 in paragraph 39 - the sign was not 
applied as no sign convention was used for the initial estimate. In fact, a negative bending 
moment implies tension in the fibres most distant from the applied pressure). A type 3 Tee with 
190 mm of 6 mm (nominal) plating has a section modulus of 119 cm? giving a maximum stress of 
214 MPa; note that for the heavier stiffeners there is no correction for local bending and so this is 
the actual maximum, and again it is within the acceptable margin on yield. 


46 Acheck on critical tripping stresses for both stiffeners shows that they are well within the 
allowable range. The final design of the grillage is then 8 m x 4 m of 6 mm nominal thickness 
plate with 9 in number type 3 Tee stiffeners at 800 mm spacing in the short direction and 3 in 
number 60 mm x 8 mm flat bar intercostals at 1000 mm spacing in each bay in the long direction. 
The average weight of this grillage is 6.25 kg/m? giving a load of 0.65 kPa which must, of course, 
be deducted from the assumed applied pressure of 15 kPa when assessing its ability to include all 
the actual loads on the structure. 
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